Supplemental Information Inventory Part 1. Supplemental Data
.
Validation of NEDDylator, related to Figure 1 and Figure 2 . Figure S2 .
Identification of modification sites on caspase-7, related to Figure 1 and Figure 2 . Figure S3 .
Identification of known IAP substrates Smac and caspase-7 from cell lysate using NEDDylator, and statistical analysis of the SILAC data, related to Figure 3 . Figure S4 .
Strategies to obtain recombinant PGAM5(Δ24) and express PGAM5(Δ24) in mammalian cells, and functional studies of PGAM5(Δ24), related to Figure 4 and Figure 5 . Figure S5 .
NEDDylator PGAM5(Δ24) reversely mediates neddylation of IAPs, related to Discussion. Table S1 .
Potential XIAP and cIAP1 substrates identified in the SILAC experiment with Light/Heavy ratios greater than four, related to Figure 3 . Table S2 .
Potential XIAP and cIAP1 substrates identified in the label-free experiment, related to Figure 3 . Table S3. PGAM5 peptide identified in different N-terminomics experiments from four different cell lines and treated with different perturbants, related to Figure 4 . Table S4 .
Mitochondria proteins that contain potential IBM motifs, related to Figure  6 . (A) NEDDylator cIAP1 specifically modifies active caspase-7 in vitro with NEDD8 but not with ubiquitin. (A) Caspase-7 protein sequence is displayed with peptides identified by LC-MS/MS highlighted in blue. In vitro ubiquitinated caspase-7 was trypsinized and subjected to LC-MS/MS for identification of ubiquitination sites by the characteristic Gly-Gly on the ε-amino groups after trypsin digestion. GlyGly modifications on highlighted lysines (red) have been detected. Grey regions are amino acids only present in procaspase-7, but not in the cleaved active caspase-7.
Part 2. Supplemental Experimental Procedures
(B) GlyGly modified peptides identified from ubiquitinated caspase-7. NEDDylation generate similar GlyGly modified peptides after trypsin digestion. The highlighted peptides were also identified from caspase-7 that was neddylated by NEDDylator (residues 1-555) were expressed and purified to be used in in vitro NEDDylation assay. 
Supplemental Experimental Procedures Cloning and Recombinant Protein Expression and Purification
The NEDDylators were generated with overlap extension PCR, including pre-equilibrated glutathione sepharose 4B (GE Healthcare) and rocked at 4°C for one hour. The beads were washed with cold lysis buffer then transferred to poly-prep chromatography column (GE healthcare) for elution. The GST fused protein was eluted with 10mM reduced glutathione in lysis buffer. PreScission protease was added to the elution at 1:500 by weight to allow the cleavage of GST tag at 4°C overnight. Free GST was removed by gel filtration size exclusive chromatography with Superdex 200 column (GE Healthcare).
His 6 -Biotin-NEDD8 (HB-NEDD8) was generated by PCR-based gene synthesis (Hoover and Lubkowski, 2002) and cloned into PGEX6P-1 vector. The biotin tag is a bacterially derived 75 amino acid signal peptide that is efficiently modified by biotin in cells (Tagwerker et al., 2006; Tirat et al., 2006) . Bacterial biotin ligase birA was cloned into pRSFDuet vector (Novagen). HB-NEDD8 and birA plasmids were co-transformed into BL21 cells and cells were grown under 200 μg/ml ampicillin and 50 μg/ml kanamycin selection. Protein overexpression was induced with 0.6 mM IPTG in the medium supplemented with 50 μM biotin. GST fused HB-NEDD8 was purified as described above. Protein purity and biotin modification of HB tag was confirmed by electrospray ionization mass spectrometry on an LCT Premier Mass Spectrometer (Waters).
There are two transcriptional isoforms of PGAM5, PGAM5L (long form) which is the most abundant and PGAM5S (short form) which lacks ~80 amino acids at the C terminus (Lo and Hannink, 2008) . We have identified the C terminal unique peptides (residues 274~285) from PGAM5L ( Figure 4A) , showing the presence of PGAM5L. Our proteomics experiments cannot otherwise distinguish these forms and we refer to them 
Mass Spectrometry and Data Analysis
For liquid chromatography -Tandem mass spectrometry (LC-MS/MS) analysis, the tryptic peptides were first desalted and concentrated with a C 18 Ziptip (Millipore).
LC-MS/MS was carried out by reverse phase LC interfaced with a LTQ-Orbitrap (ThermoFisher Scientific) hybrid mass spectrometer. A nanoflow HPLC (NanoAcquity UPLC system, Waters Corporation) was equipped with a trap column (180 μm X 20 mm, 5 μm SymmetryC 18 , from Waters) and an analytical column (100 μm X 100 mm, 1.7 μm (Gly-Gly, +114 m/z). The identified peptides were searched against a random decoy protein database for evaluating the false positive rates. At the maximum expectation value of peptide set at 0.1, the number of decoy peptides identified for each dataset counted for 0.73%, 1.3%, 0.2% and 0.3% respectively for XIAP_SILAC, cIAP1_SILAC,
XIAP_label-free and cIAP1_labe-free experiments. The decoy peptides were removed from the data. Protein IDs were assigned only when at least two unique peptides were identified from the same protein. For SILAC experiment, Light/Heavy ratios for the identified peptides were calculated, using ProteinProspector. The media Light/Heavy ratios of all the peptides identified for each protein were used to represent the Light/Heavy ratio of the protein.
Transient Transfection of Mammalian Cells
All mammalian cells used for this study were maintained in the optimized medium as suggested by ATCC. Jurkat cells were harvested and resuspended in 40 million/ml. 
Immuno-blotting and Immuno-precipitation
Cells were lysed either in M-PER mammalian protein extraction buffer (Thermo) or NP40 buffer (50mM HEPES pH 7.4, 150mM NaCl, 1% NP40), supplemented with protease inhibitor cocktail (Thermo). 10% SDS-polyacrylamide gel (PAGE) combined with MOPS running buffer was used to separate full length PGAM5 from the truncated form for immuno-blotting analysis. 4~12% SDS-PAGE gels were generally used for all other analysis. Immuno-precipitation with anti-Myc tag antibody (cell signaling) was performed with a standard procedure using manufacture's instructions.
Cytosolic Protein Extraction
Approximately 1 × 10 7 Jurkat cells were harvested and washed with cold PBS, resuspended in 250 mM sucrose, 20 mM HEPES pH 7.4, 10 mM KCl, 1.5 mM EGTA, 1.5 mM EDTA, 1 mM MgCl 2 , 1 mM DTT, and cocktail of protease inhibitors, disrupted by
